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TECHNICAL FIELD 

The present invention relates to a composition for detecting (3-1 ,3-glucan, a 
preparation method thereof and a diagnostic kit detecting the same. 
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BACKGROUND ART OF THE INVENTION 

Among immunocompromised cancer patients, organ transplantation 
I patients and AIDS patients, increase of systematic fungal infection or infection 

by protozoa has become a serious medical problem. The death rate due to 
such infections is increasing. For these immuno-compromised patients, it is 
important to treat the fungal infection at an early stage of the infection by 
administering anti-fungal drugs. The early diagnosis, however, is a difficult task 
at present. Also many AIDS patients die of Pneumonia by Pneumocystis carinii 
infection. Recently, it has been reported that p-1 ,3-glucan exists as a ceil wall 
component of Pneumocystis carinii (Kottom et al., J. Biol. Chem. (2000), 275(51), 
pp. 40628-34). 

To diagnose a fungal infection in immuno-compromised patients, the standard 
method in mycology, i.e., a method wherein blood is drawn from a patient and 
cultivated to diagnose the fungal infection has been used. The method has a 
shortcoming in that the treatment may not be done on time since the result of the 
diagnosis can be obtained only after 2-5 days. Recently, methods of using the 
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antigens or the metabolites of the fungus have been suggested. However, in 
the latter case, there is a difficulty in analyzing all of the metabolites, as well as 
low sensitivity and low accuracy of the diagnosis due to the frequent mutation of 
the metabolites. For these reasons, research has been widely performed to 

5 find a system to recognize accurately the infinitesimal amount of p-1,3-glucan 
existing in the patient's blood at the early stage of fungal infection. 

In the meantime, if the fungal infection occurs during the breeding of 
lobster, fish or clams, it could cause a severe economic damage to the 
aquiculture industry since most of the infected fishery may die. Even in this 

10 case, if an early diagnosis could be made, the lives of these aquatic animals 
could be saved if appropriate actions are taken to increase the efficiency of the 
aquiculture. 

Melanin formation in insects is initiated by the oxidation of phenolic 
compounds existing in the body. Phenoloxidase acting in this process exists in 

15 the insect's body as a prophenoloxidase in ordinary times, and the 
prophenoloxidase is converted to phenoloxidase as the final activated form by 
the stimulus of the final product of the prophenoloxidase chain reaction. The 
activation of prophenoloxidase is reported to be initiated by p-1,3-glucan, 
lipopolysaccharide, peptidoglycan and other cell wall components of the 

20 microorganisms. 

Prophenoloxidase exists in the body of holometabola and is activated to 
phenoloxidase by the cascade reaction that is initiated by either p-1,3-glucan or 
lipopolysaccharide. The reaction system composed of a series of cascade 
reaction steps is activated easily by foreign pathogens or other molecules from 



outer system, or inherent factors induced by the degranulation reaction of the 
insect's own hemocytes. As a result, prophenoloxidase is converted to 
phenoloxidase to produce melanin by using catecholamines. Therefore, it has 
been difficult to carry out this reaction system under in vitro conditions. 

In US patent 4,970,152, Ashida and co-workers have suggested a 
method for determining peptidoglycan or p-l,3-glucan by using a composition 
comprising a fraction obtained from plasma of silkworm larvae and capable of 
reacting specifically with p-1,3-glucan or peptidoglycan but not with endotoxin. 
In this patent a composition capable of reacting specifically with p-1,3-glucan 
has been obtained by removing the substance that reacts with peptidoglycan by 
affinity chromatography. 

Ashida has also reported in Eur. J. Biochem, 138, 507-515(1990) that the 
divalent ion plays a crucial role in the activation of prophenoloxidase while 
presenting a composition, separated from mosquito larvae, that recognize (5- 
1 ,3-glucan. 

US patent 5,266,461 discloses a reagent for determining (3-1,3-glucan 
comprising limulus amebocyte lysate. There is a problem of using this method, 
however, since limulus is classified as a protected species in most of the 
countries. 

SUMMARY OF THE INVENTION 

The present invention relates to a composition for detecting (3-1 ,3-glucan. 
The present invention further relates to a preparation method of a 



composition for detecting p-1 ,3-glucan. 

The present invention also relates to a method of detecting p-1 ,3-glucan. 
The present invention stilt further relates to a diagnostic kit for detecting 

p-1 ,3-glucan. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to a composition for detecting p-1 ,3-glucan 
in a test sample, a preparation method thereof and a diagnostic kit for detecting 
p-1 ,3-glucan. 

As used herein, the term "phenoloxidase system" refers to a system that 
activates to a phenoloxidase by p-1 ,3-glucan in insects. 

As used herein, the term "phenoloxidase composition" refers to a 
composition which comprises ,all or some components of the phenoloxidase 
system and exhibits phenoloxidase activity by p-1 ,3-glucan in the presence of 
calcium ions. 

The present invention relates to a composition that shows phenoloxidase 
activity by p-1 ,3-glucan in the presence of calcium ions. The phenoloxidase 
composition in the present invention includes all or some components of the 
phenoloxidase system in insects and includes prophenoloxidase, for example. 

Also the present invention relates to a composition for detecting p-1 ,3- 
glucan, preferably the minimum down to 20 pg/ml. 

The composition for detecting p-1 ,3-glucan of the present invention can 
be used to diagnose infections of fungus such as Candida and/or protozoa such 
as Pneumocytis carinii. 



m 

As used herein, the term "an insect" or "insects" refers to an insect or 
insects that has a phenoloxidase system in the body, and preferably a 
holometabola insect. The examples of insect include those belonging to 
Crustaceans such as lobsters and shrimps and Coleoptera, and more preferably 
5 Tenebrionidae and Scarabaeidae orders of Coleoptera. 

Also the present invention relates to a preparation method of a 
composition exhibiting phenoloxidase activity by p-1,3-glucan in the presence of 
calcium ions. According to the method in the present invention, the 
phenoloxidase composition that is activated by p-1,3-glucan is isolated by using 
10 a mixture of plasma and hemocyte lysate as a sample, and by prohibiting the 
physiological activity of calcium ions during the separation process. 

Therefore, the method in the present invention includes a step to obtain a 
sample comprising a mixture of plasma and hemocyte lysate from insects, a step 
to obtain fractions by treating the sample with a solvent or buffer solution 
if) containing a sufficient amount of a chelating agent that can chelate the calcium 
ions existing in the sample and in the present separation process, and a step to 
select the fractions exhibiting phenoloxidase activity by p-1,3-glucan in the 
presence of calcium ions. 

Another example of the method of the present invention includes a step 
20 to obtain plasma from insects, a step to obtain fractions by treating the plasma 
with a solvent or buffer solution containing a sufficient amount of a chelating 
agent that can chelate the calcium ions existing in the plasma and in the present 
separation process, a step to add the hemocyte lysate or partially purified 
hemocyte lysate to said fractions, and a step to select the fractions exhibiting 
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phenoloxidase activity by p-1 ,3-glucan in the presence of calcium ions. 

If necessary, whoie or partially purified hemocyte lysate can be added to 
the fraction which exhibits the phenoloxidase activity by p-1 ,3-glucan in the 
presence of calcium ions to increase sensitivity of the fraction. 

According to the present invention, it has been shown that the 
phenoloxidase system existing in insects can be activated by the calcium ions as 
well as by p-1,3-glucan. Therefore, to separate the phenoloxidase system from 
the insects, it is necessary to inhibit the activation of the phenoloxidase system 
or phenoloxidase composition by calcium ions as well as by p-1 ,3-glucan. 
Based on these findings, the present invention provides a method for preparing 
a composition exhibiting the phenoloxidase activity by p-1,3-glucan in the 
presence of calcium ions from an insect's hemolymph or both plasma and 
hemocyte lysate. 

The method of preparing a phenoloxidase composition according to the 
present invention includes obtaining a sample comprising hemolymph or a 
mixture of plasma and hemocyte lysate in the presence of sufficient amount of 
chelating agent that can chelate the calcium ions possibly existing in the above 
sample and in the present separation process to obtain the phenoloxidase 
composition, obtaining fractions by treating the sample with a solvent or buffer 
solution containing a sufficient amount of the chelating agent that can chelate 
the calcium ions existing in the above sample and during the separation process, 
and selecting the fractions exhibiting phenoloxidase activity by p-1 ,3-glucan in 
the presence of calcium ions among the obtained fractions. 

In the method of the present invention, an anticoagulant buffer solution 



that can prevent the coagulation of the hemolymph is preferably used while 
collecting the sample from the insect. The anticoagulant' buffer solution 
includes any buffer solutions that can prevent the coagulation of the insect's 
hemolymph, more preferably a citrate buffer solution. 

Also according to the present invention, it has been shown that a 
composition which exhibits the phenoloxidase activity specifically by (3-1,3- 
glucan in the presence of calcium ions can be obtained by using a mixture of 
insect's plasma and hemocytes. The composition of the present invention 
enables detection of a concentration of (3-1 ,3-glucan as low as 20 pg/ml in the 
mixture of insect's plasma and hemocytes. The mixture of insect's plasma and 
hemocytes can be obtained by collecting the hemolymph of insects, separating 
hemocytes and plasma, lysing the separated hemocytes and mixing the 
hemocyte lysate with plasma. Another example to obtain the mixture of insect's 
plasma and hemocytes is adding hemocyte lysate or partially purified hemocyte 
lysate into partially purified plasma to obtain said mixture. In another method, 
the mixture of insect's plasma and hemocytes can be obtained from hemolymph 
by lysing a portion of or all the hemocytes without separating the hemocytes 
from the hemolymph. For instance, hemolymph or separated hemocytes can 
be lysed by sonication or high-speed centrifugation. 

In the method of the present invention, the process of obtaining the 
fractions by treating the sample with the solvent or buffer solution containing a 
chelating agent can be performed by column chromatography, for example. 

In the method of the present invention, as a chelating agent which is 
used to chelate calcium ions in collecting the sample comprising a mixture of 



plasma and hemocyte lysate from insects and in the separation process to 
obtain a phenoloxidase composition, any of chelating agents known in the field 
can be used without limitation, and can be EDTA, EGTA or citric acid, for 
example. The amount of the chelating agent can be various depending on the 
5 conditions of the separation process such as the sample, the kind of column and 
the kind of solvent, and needs to enough to chelate the calcium ions in the insect 
sample and during the separation process. Therefore, those of ordinary skill in 
the field would be able to easily determine the amount of the chelating agent 
witho.ut undue experimentation. 
:> The solvent or buffer solution is not limited in the preparation method 

according to the present invention, but is preferably that of not more than pH 6.5. 
In case the pH is higher than 6.5, serine protease, a component involved in the 
phenoloxidase cascade reaction, can be activated and causes activation of 
prophenoloxidase into phenoloxidase. It results to make it difficult to obtain the 
. composition according to the present invention. 

One of the examples to treat the insect sample with the solvent or buffer 
solution containing a chelating agent is by column chromatography. A column 
packed with resin can be loaded with an insect sample, and eluted with the 
solvent or buffer solution containing a chelating agent to obtain fractions. In the 
present invention, the composition that can detect p-1,3-glucan specifically down 
to 20 pg/ml can be purified by column chromatography without any further 
particular separation process such as affinity chromatography. 

The resin that can be used for column chromatography in the present 
invention is preferably the resin that uses dextran or vinyl as a raw material. 
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For example, Sephadex or Toyopearl can be used. 

The composition according to the present invention can be used in 
diagnosing infection by microorganisms having p-1 ,3-glucan since it can 
specifically detect (3-1 ,3-glucan. 

Therefore, the present invention relates to a method of diagnosing 
infection by microorganisms that have (3-1,3-glucan. The method of the present 
invention includes the steps of collecting a sample from a specimen, adding 
calcium ions and the composition that exhibits phenoloxidase activity by (3-1,3- 
glucan in the presence of calcium ions to the sample and measuring the 
phenoloxidase activity in the sample. For example, the composition of the 
present invention which exhibits phenoloxidase activity by (3-1 ,3-glucan in the 
presence of calcium ions can be prepared by selecting the fraction that can 
activate phenoloxidase by (3-1 ,3-glucan in the presence of calcium ions from 
among the fractions obtained by treating the sample, insect plasma and 
hemocyte lysate, with a solvent containing a sufficient amount of a chelating 
agent to chelate calcium ions in the sample or which are contained during 
separation processes. The above insect plasma and hemocyte lysate can be 
prepared with a sufficient amount of chelating agent to chelate calcium ions in 
the sample or which are contained during separation processes. 

In the detection method of (3-1 ,3-glucan according to the present 
invention, the specimen to be tested may be animals including humans or any 
the environment. For example, the fungal infection can be diagnosed by 
collecting blood from a specimen. In another example, water is collected from 
the environment and can be tested an infection by microorganisms, like fungi, 



that have p-1,3-glucan as a cell well component in the cultivating industry. 

To increase the specificity of the diagnosis of the infection by 
microorganisms that have p-1,3-glucan as a cell wall component, pretreatment 
for eliminating lipopolysaccharide that may exist in a specimen sample can be 
carried out, if necessary. For instance, the influence of lipopolysaccharide can 
be eliminated by treating the specimen sample with materials such as polymyxin 
that can bind specifically with or precipitate lipopolysaccharide. 

Any determination method of phenoloxidase activity known in the field 
can be used in its present condition or with some modifications as the method of 
determining phenoloxidase activity that can be used as a diagnostic method of 
fungal infection in the present invention. For instance, the phenoloxidase 
activity can be determined easily at the early stage of the fungal infection by 
measuring the absorbance of the color developed by the 4-methylcatechol/4- 
hydroxyproline ethyl ester (4-MC/4-HP) or from the melanin formation reaction 
using dopamine. 

Also the present invention relates to a diagnostic kit for detecting p-1 ,3- 

glucan. The diagnostic kit for detecting p-1,3-glucan contains the composition 

that exhibits the phenoloxidase activity by p-1,3-glucan in the presence of 

calcium ions. For example, the composition that exhibits the phenoloxidase 

activity by p-1,3-glucan in the presence of calcium ion is a composition that can 

be prepared by collecting a sample comprising plasma or a mixture of plasma 

and hemocyte lysate from an insect; treating said sample with a solvent or buffer 

solution containing a sufficient amount of a chelating agent to chelate calcium 

ions existing in said sample and in the present separation process to obtain 
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fractions therefrom; and selecting fractions exhibiting phenoloxidase activity by 
(3-1,3-glucan in the presence^ calcium ions from the obtained fractions. 

The buffer solution and the method to determine the phenoloxidase 
activity used in the present invention are as follows. 
5 Anticoagulation buffer solution (pH 5.5): NaCI 15 mM, trisodium citrate 

136 mM, citric acid 26 mM, EDTA 20 mM 

P-1,3-glucan solution: a solution prepared by mixing 10 of the solution, 
made by mixing 10 mg of p-1,3-glucan (curdlan, Wako Pure Chemical Industries, 
Ltd., Japan) in 1 ml of 0.1 N NaOH, and 990 [i\ of 20 mM Tris buffer solution (pH 
10 8.0) 

4-MC/4-HP color development reaction 

To 10 jal of p-1,3-glucan solution diluted to predetermined concentration, 
30 |.tl of phenoloxidase composition was added and pre-reacted for 5 min at 30 
15 °C. To this mixture, 437.5 ul of 20 mM Tris buffer solution (pH 7.5), 5 ul oMM 
CaCI 2 , 2 jil of 250 mM 4-methylcatechol (MC) and 16 ^1 of 62.5 mM 4- 
hydroxyproline ethyl ester (HP) were added to make the total volume to 500 ul 
and reacted for 30 min at 30 °C. To this reaction mixture, 500 ul of 20 % acetic 
acid was added to terminate the reaction. And the absorbance was measured 
20 at520 nm. 

Melanin fo rmation reaction 

To 10 |il of diluted p-1,3-glucan solution, 30 of phenoloxidase 
composition was added and pre-reacted for 10 min at 30 °C. After-adding 405 

11 



€» 



(J of 20 mM Tris buffer solution (pH 8.0), 5 of 1M CaCI 2 and 50 of 10 mM 
dopamine solution, the mixture was reacted for 60 min at 30 °C. Standard 
curve was formed by measuring absorbance at 400 nm. The plasma obtained by 
centrifuging the blood collected from a specimen was used as a sample and 
treated by identical procedures as described above to determine absorbance at 
400 nm. The amount of p-1,3-glucan in the sample can be determined from the 
standard curve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing the phenoloxidase activity of the 
phenoloxidase composition isolated from the hemolymph of Tenebrio molitor 
depending on the reaction time in the presence of calcium ions and (5-1,3- 
glucan; 

Figure 2 is a standard curve of the phenoloxidase activity of the 
phenoloxidase composition isolated fronr<the hemolymph of Tenebrio molitor 
depending on the concentration of p-1,3-glucan; 

Figure 3 is a graph examining the detection specificity in relative to 
lipopolysaccharide of the phenoloxidase composition isolated from the 
hemolymph of Tenebrio molitor 

Figure 4 is a graph examining the detection specificity in relative to 
peptidoglycan of the phenoloxidase composition isolated from the hemolymph of 
Tenebrio molitor 

Figure 5 is a graph comparing the phenoloxidase activity induced by p- 
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1,3-glucan in each composition obtained from plasma, hemocyte lysate and 
hemolymph of Tenebrio molitor. 

Figure 6 is a graph of the phenoloxidase activity of the phenoloxidase 
composition isolated from the plasma of Tenebrio molitor depending on the 
concentration of p-1 ,3-glucan; 

Figure 7 is a graph comparing phenoloxidase activity induced by p-1 ,3- 
glucan in each phenoloxidase composition obtained from the plasma, hemocyte 
lysate and their mixture of larva of Holotrichia diomphalia: 

Figure 8 is a graph showing the phenoloxidase activity of the mixture of 
phenoloxidase composition isolated from the plasma of larvae of Holotrichia 
diomphalia and hemocyte lysate according to the reaction time in the presence 
of calcium ions and p-1 ,3-glucan; 

Figure 9 is a graph showing the result of p-1,3-glucan detection using the 
phenoloxidase composition in the blood of cancer patients; 

Figure 10 is a graph showing the result of p-1 ,3-glucan detection using 
the phenoloxidase composition in the blood of tumor and inflammatory disease 
patients; 

Figure 11 is a graph showing the result of p-'1 ,3-glucan detection using 
the phenoloxidase composition in the blood of Candidiasis patients. 

EXAMPLES 

The present invention is further illustrated by way of the following 

Examples, but by no means limited thereto. 
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Example 1 

The larvae of Tenebho molitor were anesthetized on ice. Three drops 
of hemolymph were collected in each of larvae by inserting a 25 G needle 
connected to a 5 ml sterile syringe containing anticoagulation buffer solution into 
the first segment from the head. After centrifuging 60 ml of collected 
hemolymph for 4 h at 4 °C at 203,006 g, 55 ml of sample was obtained by 
filtering (0.45 ^m) the supernatant to eliminate the impurities. This sample was 
concentrated to 3 ml by ultrafiltration (cut off: 10,000). After packing Toyopearl 
HW-55S resin into a 1 x 50 cm column, the column was washed with a sufficient 
amount of anticoagulation buffer solution. After loading the concentrated 
sample into the column, an anticoagulation buffer solution was added and eluted 
at 0.18 ml/min flow rate. The eluant was collected to the volume of 3.8 ml each, 
and the absorbance was measured at 280 nm to check the protein concentration. 
By performing the 4-MC/4-HP color development reaction using (3-1 ,3-glucan, 
the fractions that developed color in the presence of p-1 ,3-giucan were collected 
to obtain 3.8 ml of primarily purified phenoloxidase composition. Using the 
primarily purified phenoloxidase composition, the detection activity of p-1,3- 
glucan was identified in the presence or absence of Ca 2+ . 

After loading 3.8 ml of the primarily purified phenoloxidase composition 
into the identical column as described above, an anticoagulation buffer solution 
was added and eluted at 0.16 ml/min flow rate. The eluant was collected to the 
volume of 3 ml each, and the absorbance was measured at 280 nm to check the 
protein concentration. By performing the 4-MC/4-HP color development reaction 
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using (3-1 ,3-glucan, the fractions that developed color in the presence of p-1, 3- 
glucan were collected as secondarily purified phenoloxidase composition and it 
was considered as the final composition . By setting the final Ca 2 * concentration 
to 0 mM or 5 mM, the 4-MC/4-HP color development reaction was carried out by 

5 using 10 of 100 ng/mj of p-1 ,3-glucan solution and the phenoloxidase 
composition. The result was obtained as a function of the reaction time and is 
shown in Figure 1 ( (-♦- : buffer solution, -I - : phenoloxidase composition, -a - : 
phenoloxidase composition + Ca 2+ , -x - : phenoloxidase composition + Ca 2+ + p- 
1 ,3-glucan). From the Figure, it can be seen that the phenoloxidase composition 

10 shows the phenoloxidase activity in the presence of p-1 ,3-glucan. 

The standard curve was obtained by measuring the phenoloxidase 
activity of the phenoloxidase composition as a function of p-1 ,3-glucan 
concentration. The absorbance was measured at 520 nm after a one hour 
reaction at 30 °C by using the above described color development reaction in the 

15 p-1 ,3-glucan concentration range between 0 and 200 pg/ml. The result is 
shown in Figure 2. From the figure, it is obvious that an infinitesimal amount of 
p-1 ,3-glucan can be detected since the correlation coefficient between the 
concentration and activity is 0.9862. 

20 Example 2 

To check whether the phenoloxidase composition in Example 1 had the 
specificity to p-1 ,3-glucan, the phenoloxidase activity was determined by using 
lipopolysaccharide and peptidoglycan. Lipopolysaccharide (Sigma Chemical 
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Company) and peptidoglycan (Sigma) were each suspended in 50 mM of Tris 
buffer solution (pH 7.0). As substrates, peptidoglycan suspension was used as it 
is and lipopolysaccharide suspension was used after sonication for 2-3 min. By 
using lipopolysaccharide at 200pg/ml t 20ng/ml, 20^g/ml concentrations as 
substrates, the color development reaction with 4-MC/4-MP solution was carried 
out by using phenoloxidase composition at 5 mM Ca 2 \ The color was 
compared with the color developed from the experiment using 20 ng/ml of p- 
1 ,3-glucan as a substrate. The result is shown in Figure 3 (□ : negative control 
having phenoloxidase composition and Ca 2+ (A hereinafter), £2 : A + 
lipopolysaccharide 200pg/ml, S : A + lipopolysaccharide 20ng/ml, H- : A + 
lipopolysaccharide 20jxg/ml, I : A + p-1 ,3-glucan 20ng/ml (positive control)). 

The phenoloxidase activity was also determined with peptidoglycan 
under identical experimental conditions as above. The result is shown in Figure 
4 (□ : negative control having phenoloxidase composition and Ca 2+ (A 
hereinafter), £3 : A + peptidoglycan 200pg/ml, S : A + peptidoglycan 20ng/ml t 
^ : A + peptidoglycan 20^g/ml, I : A + p-1 ,3-glucan 20ng/ml (positive control)). 

As described above, the phenoloxidase activity does not appear at high 
concentration, 20ug/ml of lipopolysaccharide and peptidoglycan even if the 
reaction time is increased. Therefore the phenoloxidase composition of the 
present invention can detect p-1,3-glucan specifically. 

Comparative Example 1 

Larvae of Tenebrio molitor were anesthetized on ice. Three drops of 
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hernolymph were collected from each larva by inserting a 25 G needle 
connected to a 5 ml sterile syringe containing anticoagulation buffer solution into 
the first segment from the head. After centrifuging 85 ml of the collected 
hernolymph for 5 min at 4 °C at 372 g, the supernatant and the precipitate were 
5 obtained as plasma and hemocytes, respectively. After centrifuging 60 ml of the 
collected plasma for 4 h at 4 °C at 203,006 g and filtering (0.45 jam) the 
supernatant to eliminate impurities, 58 ml of the supernatant was obtained. 
This sample was concentrated to 3 ml by ultrafiltration (cut off: 10,000). After 
packing Toyopearl HW-55S resin into a 1 x 50 cm column, the column was 

10 washed with anticoagulation buffer solution. After loading the concentrated 
sample into the column, anticoagulation buffer solution was added and eluted at 
0.18 ml/min flow rate. The eluant was collected to the volume of 3.8 ml each, 
and the absorbance was measured at 280 nm to check the protein concentration. 
By performing the 4-MC/4-HP color development reaction using p-1 ,3-gIucan, 

ir> the fraction that developed color in the presence of p-1 ,3-glucan was collected to 
obtain 3.8 ml of phenoloxidase composition of primary purified plasma. 

In the meantime, the above precipitated hemocytes were washed with 
anticoagulation buffer solution and centrifuged to remove the plasma portion. 
This procedure was repeated 3 times. To disrupt the hemocytes completely, 

20 the cells were sonicated and centrifuged for 5 min at 4 °C at 372 g to obtain 3 ml 
of supernatant as the hemocyte lysate. 

The p-1 ,3-glucan (2 ng/ml of concentration) detection abilities of the 
phenoloxidase composition of partially purified plasma, hemocyte lysate and the 
phenoloxidase composition of primarily purified hernolymph of Example 1 were 
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compared by using the same amount (400 jag) of proteins in the presence of 
Ca 2+ ions. The result is shown in Figure 5. It can be seen from the Figure that 
the phenoloxidase composition obtained from the hemolymph can detect p-1,3- 
glucan. 

5 On the other hand the above-described phenoloxidase composition 

derived from plasma was used to check the detection ability for p-1,3-glucan as 
a function of p-1,3-glucan concentrations. As shown in Figure 6, there was no 
correlation between p-1,3-glucan concentration and phenoloxidase activity when 
the phenoloxidase composition derived from only plasma was used. 

10 

Example 3 

To check whether the phenoloxidase composition had specificity to p- 
1,3-glucan, melanin formation reactions were carried out using various sugars 
according to the method described above. The results of measuring the 
ir> absorbance at 400 nm to determine the amount of produced melanin showed 
that melanin production was observed significantly in the presence of p-1,3- 
glucan only. The results are summarized in Table 1. 



Table 1 



Saccharide 


Bond type 


Absorbance (400 nm) 


D (+) glucose 




0.211 


Cellulose 


p-1.4 


0.240 


Maltose 


a-1,4 


0.237 
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Dextran 


ct-1,6 


0.290 


Laminarin 


B-1,3, B-1,6 


0.292 


Zymosan 


(3-1.3 


3.616 


Curdlan 


P-1,3 


3.352 


20 mM Tris (pH 8.0) 




0.208 



Example 4 

After centrifuging 50 ml of hemolymph collected from larvae of 
Holotrichia diomphalia for 20 min at 4 °C at 420 g, the supernatant and the 

r> precipitate were obtained as plasma and hemocytes, respectively. First, the 
hemocyte precipitate (5 ml) was sonicated after adding 5 ml of 50mM Tris buffer 
solution/1mM EDTA (pH 6.5), then centrifuged for 20 min at 4 °C at 22,000 g to 
obtain the supernatant as the hemocyte lysate. 

In the meantime, after centrifuging 50 ml of collected plasma for 4 h at 4 

10 °C at 203,006 g/the supernatant was concentrated to 3 ml by ultrafiltration (cut 
off: 10,000). After packing Toyopearl HW-55S resin into a 1 x 50 cm column, 
the column was equilibrated with 50mM Tris buffer soiution/20mM EDTA (pH 
6.5). After loading the concentrated sample into the column, 50mM Tris buffer 
solution/20mM EDTA (pH 6.5) was added and eluted at 0.16 ml/min flow rate. 

in The eluant was collected to the volume of 3.2 ml each, the absorbance was 

measured at 280 nm to check the protein concentration and fractions that 

developed color with 4-MC/4-HP in the presence of 5mM Ca 2 * were collected. 

Among these fractions, fractions having phenoloxidase acitivity in the presence 

of the above hemocyte lysate and p-1,3-glucan were collected as partially 
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purified plasma solution (3.2ml). 

The p-1 ,3-glucan detection abilities of partially purified plasma solution 
(protein content: 25 ^g), the above hemocyte lysate (protein content: 175 ng), 
and the phenoloxidase composition made by mixing these two (protein content 
ratio: 25 j±g : 175 jig) were determined. The results are shown in Figure 7. 
The 4-MC/4-HP color development reaction was carried out for 30 min by setting 
the final Ca 2+ concentration to 5 mM, and by using 10 yx\ of 0.1 ng/ml of p-1 ,3- 
glucan. The mixture of partially purified plasma solution and the hemocyte 
lysate exhibited the phenoloxidase activity in the presence of p-1 ,3-glucan. 

Also, Figure 8 shows the p-1 ,3-glucan detection ability using the above 
phenoloxidase composition under identical experimental conditions as above as 
a function of reaction time ♦: Final calcium ion concentration 5 mM + p- 
1,3-glucan 2 j-ig/ml, □ - □ : Final calcium ion concentration 5 mM, O- O: 20 
mM Tris buffer solution, a - A : p-1 ,3-glucan 2 (^g/ml). The phenoloxidase 

activity was observed for calcium ions and for p-1 ,3-glucan in the presence of 
calcium ions. 

Example 5 

Blood was collected from 11 healthy adult males and females and 50 
hospitalized cancer patients. After treating the collected blood with heparin, the 
blood was centrifuged to obtain plasma as samples for detecting p-1 ,3-glucan. 

To 10 jal of the plasma obtained from the patients, 10 ^l of the partially 
purified phenoloxidase composition as prepared in Example 1 was added to 
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carry out 4-MC/4-HP color development reaction. The absorbance was 
measured at 520 nm, and the amount of p-1,3-glucan in the sample was 
calculated from a standard curve. The amount of p-1,3-glucan in the plasma 
collected from the healthy male and female subjects (1 1 persons) was negligible. 
The p-1,3-glucan concentrations in the solid tumor and hematogenic tumor 
patients who were immuno-compromised patients due to undergoing anticancer 
treatment were remarkably higher than those in the inflammatory disease 
patients (in Figure 9, the numbers in parentheses are the repeated numbers of 
the experiment, and the concentration of p-1,3-glucan is expressed as ug/ ml 
serum and represents the value of average ± SEM). The patients categorized 
as 'Others' in Figure 9 were those with inflammatory disease without tumors. 
As shown in Figure 10, only a negligible amount of 0-1,3-glucan was detected in 
the inflammatory disease patients but the amounts of p-1,3-glucan were much 
larger in the patients who had both tumor and inflammatory disease (The 
numbers in parentheses are the repeated numbers of the experiment, and the 
concentration of p-1 T 3-glucan is the value of average ± SEM). In the latter, it is 
assumed that the incidence of fungal infection was higher for the patients who 
had both tumor and inflammatory disease than those who had tumor disease 
only since the immune system of such patients does not function properly. 

In the case of the patients who had been confirmed to be Candidiasis, 
the concentration of p-1,3-glucan was much higher, but those who were under 
antifungal treatment had lower concentration of p-1,3-glucan (in Figure 11, the 
numbers in parentheses are the repeated numbers of the experiment and the 
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concentration of p-1 ,3-glucan is the value of average ± SEM). Therefore, it was 
possible to diagnose the fungal infection by measuring the concentration of p- 
1,3-glucan in a sample by using the composition of the present invention. 

5 INDUSTRIAL APPLICABILITY 

According to the present invention, the infection by microorganisms that have p- 
1,3-glucan as a cell wall component can be diagnosed at an early stage of the 
infection. For an immuno-compromised patient, the mortality can then be 
10 lowered by administering appropriate antibiotics or antifungal drugs since it is 
possible to diagnose infection by microorganisms that have p-1,3-glucan at an 
early stage of the infection. It will become also possible to reduce the damage 
in the cultivating industry by taking appropriate actions at an early stage after the 
0 fungal infection. 
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